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FOXENOED

T™his study is part of Hesearch and Developzemy Projesvt Ho. 1.V-O-
25001-A-131 antitled "Military Evalustion of Geogrsphic Areas,” which
w3 originally assigned to the U. S. Army Enginser Waterwuys BEvperiment
Station (WES) by the Cffice, Chief of Engineers, and is being performed
undsr the sponsorship of the BAD Directorate, U. S. Army Msieriel
Comaend. The project is directed by the Area Bvaluation Branch of tke
Mobility and Envirommental Division, WES,

This report is a revision of an earlier unpublished report
(Analogs of Yuma Terrain in the Near Bast Desert, dated May 1960), which
was prepared alpost entirely from published reports, maps, and photo-
graphs utilizing techniques developed by the Geology @anch, WES.

Mr. W. K. Dornbusch, Jr., comducted a supplemental cap and terature
survey &«nd applied the latest mapping techniques to prepare the folio
maps. At varioup times Messrs. H. K. Woods and J. D. Broughton, Geology
Branch, WES, assiated in the assexbly of data ard revisions and prepara-
tion of the final plates. The work was done under the immediate super-
vigicn of Dr. C. BR. Kolb, Chief, Geclogy Branch, Soils Division, WES.
The text wes written by Dr. Eold and Mr. Dornbusch. Technical assistance
in various phases of the work was provided by Mr. W. E. Grabau, Chief,
Area Evaluation Braanch, snd Mr. J. R. Compton, Chief, Exlankment and
Poundation Branch, WES. The project was under the genersl supervision
of Kessrs. W. J. Turnbull, Caief of the Soils Divisica, and W. G. Shockley,
Chief of the Mcbility and Envirommental Division, WES.

Directaors of the WES during this study and preparation of this re-
port were Col. Edmund H. lang, CB., Col. Alex G, Sutton, Jr., CB, amd
Col. John R. Oswalt, Jr., CB. Technical Director was Mr. J. B. Tiffany.
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SUMMARY

To ealuate the adequacy and suitabiiity of the Yuma Proving
Sround (inriuding the Sand Hills) as a test site representative of
worid desesrt conditions, it is necessary to determine the extent of
occurrence of Yuma terrain types in other world desert areas (incind-
irg the Middle Bast desert (MED). In order that valid comparisons

zay be made, a uniform system of deseriting, mapping, and comparing
desert terrain mst be employed.

In this repart both the Tuma Proving Ground and the MED are
mapped in terms of general or aggregate terrain, geometry, ground,
and vegetation factors. General terrain factors selected for use in-
clude physiography, hypsametry, and landforam-surface conditions.
Ceometry, ground, and vegetatica factors selected for evaluation are
characteristic plan-profile, occurrence of slopes greater than 50 per-
cent, characteristic slope, characteristic relief, soil type, soil
consistency, type of surface rock, and vegetaticn characteristicus.
Terrain-factar data are synthesized to establish the degree of analogy
of a particular MED area with selected portions of the Yuma Proving
Greund. This synthesis includes cospilation of gecmetry, ground, and
vegetation anglog maps--through coebinations of their companent terrain-
factor maps.

A terrain-type analog msp is prepared by superimposing the geom-
etry. ground, and vegetation analog maps and stratifying the result-
ing ccm™inations. Hhighly analogous MED tracts exhibit exact or closely
appraoximate cambinations of terrain-factor mapping units found at Yuma,
and the degree of amalogy decreases directly as the similarity to such
cazbinstions decreases.

Generally speaking, the *<wrain of the MZD is moderately analogous
to that found at the Tuma Pro . | Ground. Approxirately 19 percent of
the study area is highly analoymis, 52 percent is moderately analogous,
24 percent is slightly amalogous, and 5 percent is inappreciably analogous
to terrain types foun in Yuma. Approxirately 1 percent of the MED was
zapped as nonanalcgous.

The techniqies use’ in preparation of these rmaps permit casparison
of terrain in areas wapped at different scales as well as in areas mapped
at sinilar scales, enabling for the first time corparison of all the
degserts of the Eorthern Eersisphere.

vii
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AHALOGS OF Y(MA TEXRAIX IR THE MIDDIZ EAST DESERT

PART I: IRIRCDUCTION

Background

1. Thus report is one of a series cacparing the terrain of the
U. 8. Arzy Proving Ground*® at Yuma, Arizoma, with other world desert
areas, Thkree of the earlier revorts in tle series®** (i.e. those which
cccpare the Yuzma terrain with tie deserts of Rortheast Africa, Scuth
Central Asia, ard Mexico) were prepared in very limited mmbers. #owever,
copies are on file at the Waterways Rxperiment Station (KES) und in the
Enviromeental Sciences Branch, Research Division, Research and Develomment
Directarate, Army Materiel Cocemand. TR 3-630, Report 5, Analogs of Yima
Terrain in the Soutlnrest United States Desert, and Report 6, Analogs of
Yuza Terrain in the Northwest African Desert, were printed and distributed
in substantial mumbers because of the military and scientific interest
generated by them. A moderate mmber of this present report, Analogs sf
Yuza Terrain in the Middle Bast Desert, have been published becange of

v ok {n*a’gagt 4y +ha Racawk analeo abnndiacs
Wik & WESY AHsSVD s WA MW Erwee v m’a S W . P

Study-Area

2. The location of the study ares amd its gecgraphic subdivisions
are shown in fig. 1. Desert boundaries were based primarily on homo-
clizatic maps ccmpiled by Dr. Perevil Heigs.ag’ However, since Meigs?®
bourdary determinations were agriculturally oriented, with cewmperature
and rainfall the most fmportant factors comsidered, modifications tave

* The Yuma Proving Grourd was forcerly designated as the Yuma Test
Station. Because the change in designation wvas zade after the
plates in Volume II of this repart had been printed; the Yura maps in
Volime II carry the old designation of test station.

#* See list on inside of bszh cover cf this report.

t Raised mwmbers refer tu correspondingly mumbered ite=s in the
Selected Bibliography at end of main text.
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been vade oii the basis of geoworphic, soil, and zegetation dsta collected
in the prezent study.

Purpose and Scoye

3. A primary aim of the overall prsject is to evaluate the Yuma
Proving Ground area (including the Sand #ills) as a test site represent-
irg world desert terrain conditions. Awiously, Yuma's suitability and
adegiacy as suck a test site are velated to (a) tae extent to which Yuma
terrain types or conditiors occur in other world desert areas, and
(b) whether significant desert terrain types occurring elsevhere are
lacking at Yuma. To make these determdrations, a uniform systen of de-
scribing, mapping, and (azparing desert terrain hsd to be established.
A system which satisties most of these requirements has been developed
and tested throygh its application to Yuma and several other world
degert areas. In addition, caxparisons of the climate of the Yuma Prov-
ing Ground with that of other world desexrt areasglb have been made by
the Envirommental Protecticn Research Division, U. S. Army Hatick lLab-
cratories,® Ratick, Nsssachusetts. The climatic and terrain studies to-
gether should provide an evaluation of the suitability of the Tuma area
&8 & testing ground for military cperations and materiel under conditions
vepresentative of those prevailing in.desert areas in other parts of the
world, The worldwide distribution of desert terrain types and their
relative importance can be determined by examining the other reports of
this series (see paragrsph 1).

L. This report is primarily concerned with utilizing the estadb-
lished techniques to {(a) map the various terrain factors in the Middle
Bast desert (MED), (b) determine the distribution of terrain types
fourd at Yuma within the MED, (c) determin: degrees of analogy between
the terrain types of the MZD and those of the Yuma area, and (d) con-
tritate to an overall evaluwation of the suitebility of the Yuma Proving

* The Hatick laboratories was called the ’'Quartercaster Research and
Developzent Center” prior to 1962.
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Grourd for testing men and materiel for military cperations in desert
areas of the warld.,

5. Ko field surveys ware perfarmed in conuection with this study.
Data used for preparing the terrain-factor maps cf the MEZD and Yuma Prov-
ing Grourd were restrict-d to pubiished and uznpublished reports snd &aps.

Saurces of Information

6. Approxizmately 200 references covering MED were reviewed during
this study. The most useful of these publications are listed ir the Se-
lected Bibliography. The references varied from general reviews concern ng
the entire area, to travelers' accounts slong routes in MED, to detailed
descriptions of crzeific localities. Written data concerning the phys-
iography, landforms, and general terrain features of the HED are rela-
tively scarce. The travelaers’' accounts have been confined to inhabited
areas such as the Hasa Flain, the Hedhramaut. the Asir-Yemen Higalamis,
the lower Tigris-BEiphrates floecdplain, the Dead Sea arss, arnd along
established routes comnecting principal cities. Seversl explorers,
notably Thesiger, Thamas, and Philby, have peretrated the vast, rela-
tively unexplored interior of the area and have coniributed vaiuable
written accounts of tneir experiences.

7. Complete coverage of the area was provided by several sets of
snall-scale maps. Coverage of the entire area at a scule of 1:1,000,000
was avaiiable on USAF World Aercnautical Cherts and on General Stafs
Maps prepared by the Geographical Section, War Office, Great Britain.
These maps were used in preparing the geametry-factor maps and the phys-
icgraphy and landform-surface condition maps. A recent physiographic
map of the Arabian Peninsula at a scale of 1:2,000,000, prepared by the
U. §. Geological Survey under the auspices of the Kingcon of Sandi
Arabia, was utilized in establishing the major physicgraphic boundaries
#ithin the Arabian Peninsula, Ca=plete coverage by the U. S, Departoent
of Agriculture World Soil Maps at a scale of 1:1,000,000 was aleo
available.

8. The legends, definitions, and sycbols accazpanying these maps

o

L T R e i

CA

Y

g

-




» oL

were w058 usesful in determination of dasic soil typer, scil consis-
tencies, and often rock types. The paps vere also of saxe value in the
determinstion of vegetation types. The vegctation nap was compiled
from several sources, with the British Admiralty Geographi :al Handbooks
of the area being an important source. The hypsometric nap of Yuma was
adapted from U. S. Strat _.c Charts at a scale ot 1:500,000, whereas
USAP Aeronautical Planring Charts at a scale of 1:5,000,000 were used
in preparing the hypsceetric map of MFD,

9. The principal sources of information concerning the Yuma Prov-
ing CGround were the following: A report, Terrain Study of the Yuma Test
Station Area, A:rizom,_ prepared for WES by a grmup from Pardue University
in Harch 1955; Handhook of Yicsa Enviromment, published by Cffice,
‘uartermaster General, in Pebruary 1953 (Report Ho. 200);7'% and A Study
of Desert Surface Conditions by Thomas Clements and others, published hy
Quartermaster Research and Development Corzand in April 1957 (Technical
Report KP-SB).16 Sources cf the photographs used in the iendform amd
physiographic tabulations {plates 15, 15A, 13B, 19, 19A, 19B, and 19C)
are indicated by a credit line under the photographs. Photographs
illustrating the landfarms were not restricted to the study area; owever,
the physiographic pictures were restricted to the MED.

This Report

10. This report comprises two volumes--the text (vol I) and a folio
of plates (vol IT). Except for two sets of plates (15 and 154, and 19
through 19C) which present tabular descriprions and photographs of the
rhysiography and landiorm-surface condit omns of the Yuma terrain, the
fclio consists of Jdrawings, most of which show = map of the MED and a map
of the Yuna Proving Ground to facilitate comparison. Detailed explana-
tion. of the mapping procedures used in preparation of the plates are
given in WES Technical Rerart 3—506.90 In general, the legenis on the
plates sre self-explanatory; however, additional explanations of each
legend zay be found i1 TR 3-506,

11. The remainder of this volwe (vol I) ~cnsists of Parts II-IV,




four tables, and en appsandix. Part IT briefly summarizes the genergl
analogy of the Yuma terrain tc that of ihe MED, Part III describes the
terrain factors used to develop the analogy and the methods used in map-
ping thex. 2Part IV discusses the methods of analog development, and

analyzes the mapping technique foam the standpoints of its general appli-
cability and delficiencias, Tables 1-3 surmarize data on the distribtution
of Yuma terrain factors within the MED while table L sicmarizes data per-
taining to distritution of landscape types in Yuna and the MED ard in
other world desert areas &s given in earlier reports of this series.
Appendix A discusses the philoscphy of and probtlesws associated with ter-
rain analysis snd comparizon in general.




PAR® I¥: GENERAL COMEARISON OF YUMA AMD 5D

Pactors Used in the Comparison

312, Terrain may be congidered to be the aggregate of the physical
attributes of an srea. Terrain can tlms be anzlyzed and described in
terms of numercus coaponent factors. Eight factors, considered to be
basic elemants of terrain, have becen utilized in cceparing the terrain at
Yume, with that of MED and Gther world desert aress. These factors fall
into three groups: geometry factors, i.e. plan-profile, slope occurrence,
slope, and relief; ground factors, i.e. soii type, soil consistency, and
rurface rock; and vegetaticn. Plates 1-5 indicaste the areal distribution
of various ranges of these factors at Yuma snd within tne MED. Piates 14-19
present general or aggregate terrain factars such Gs physiography, hypsom-
etry, and landfore-surface conditions. The lgst three factors were not
utilizec directly in preparing the anaiog maps (plates 1k, 16, and 18).
Rather theze three factars were mepped rrimarily %o (a) provide a familiar
geomorphic sphere of referemce or gross terrain picture, and (b) present
landscape-terrain factor associations that aided in the =mapping, in terms
of the eight terrain factars, of regions vhere little infarmation beyond
landforn idertification is available.

Analogy

13. Each of the terrain-factor raps is, in essence, an analog map.
Similarly mapped areas at Yurza and within the MED indicate high degrees of
analogy fram the standpoint of the particular terrain factor under con-
sideration (see plates 1-9). A synthesis of terrain-factor data and raps,
resulting in the establistmert of varying degrees of analegy of particular
MED areas with portions of the Yuma Proving Ground and Sand Hills, has
been attempted in plates 10-13. Plates 10.12 show the degree of analogy
of geametry, ground, and vegetation factars, respectively, with Yuma, and
plate 13 shows degrees of analogy tased on all factors considered. Degrees
of analogy are expressed as being highly annlogous, moderately analogous,
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slightly anslogous, inappreciably analogous, and not analogous.

14, Generally speaking, the terrain of the M is moderately
analogous to that found at the Yums Proving Ground. Approximately 19 per-
ceat of the study area is highly analogous, 51 percent is moderately
aualogous, 24 percext is glightly analogous, and 5 percent is inappre-
ciably analogous to terrain types found at Yums. Iarge portiosgis of the
Hadhramaut Plateaa in southern Arabia and of the Jordan Plateau bordering
the Dead Sea, covering approximately 1 percent of the study arer, were
mapped 88 nonanslogous.

15. Highly anslogous areas are found in all the physiocgraphic units
of the ¥2D (plates 13, 1k, and 17) except for the plateau regions. Moun-
tainous areas mapped &5 highly analogous inciude: The Omsn Mountains of
eastern Arabia, the Asir-Yemen highlands in southwestern portion of the
peninsula, and porticus of the Hejaz Mountains of northwestern Arabia,
and the Zagros Mountains of western Iran. Nommountainous areas having
high degrees of analogy include the coastal plains along the southern and
wvestern shores of the peninsula, desert plains and dune fields of central
Arabia, snd large portions of the vast Pigris-Buphrates floodplaine of
southaran Irag.

16, Physiozraphic regions considerad to bs moderataly analagme
include: the extensive crystalline hill complex in western Arabia, vast
dune areas of the Rub’' Al XKhali and the Ad Dahnk in southern and central
Arabiz, and large tracts of desert plains of northern Iraq and Syria.

17. Slightly analogous areas are represented physiographically by
Jarge areas in the Hadhramaut Piateaus of gsouthern Arabia, the Tuwayy
Plateaus of central Arabia, the An Hafud sand dunes in northwestern Araiia,
desert plain and platesu areas in southern Iraq end Syria, and the barren
voicanic plateaus of western Arabls, Jordan, and southern Syris.

18. Areas exhibiting inappreciable degrees of analogy inciude
large portions of the Hadhrazault and Jordan Plateaus arnd major areas ‘n
the Tuwayy Plateaus. Srzell areas unworthy of individual identification
are found scattered throughout the study avea.

. e i ol i A o . e
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BASS Ti1: TREAGE FACTGES A0 HEPFIRG MCHIS

Beses Tox Selschion of Factors

19. The mappins of terrain factors Javolves the sclection of com-
pant foctors thead can be precisely definad, mapped, end compared. Any
vegler o= be subdivided into aresr identifiable %y an array of designa-
tions or mmders, each representing a value or vilue range of a gpecific
terrain factor. The cayplexity of such a system, of course, depends
primarily on the mmber of terrzin factors emplioyed. For exsspie, if
20 terrain factors were congiderdd, each area woid be identified by an
array of &0 symbols, each designating a particuiar terrain-facte: walue
or range cf values. Although this »othod i¢ lsusidle, carvogrechic
probleme itiply rapidly if it is necessary to map .seas exhibitizg ke
same Combingticn of factars and at the ssme time identify g component
terrain-ftactor vaues or ranges. Consequently, in the developmend of the
aapping srutem used herein, considerable effcort was spent in limiting the
rmber of terrain factors and at tho same time meking sure that factors
vhich were important in terrain descriptions were not disregarded. Much
effort was also dovotad to selecting terrain factors thai, when considered
in concert, are readily visualiged and depicted wiilh a rinimm of carto-
graphic camplexity. Ths terrain factors mapped were chosen cialefly be-
~ause of (sa) the izpartance of sach as a basic element of tezrrain,

(b) thedir ability, vhen viewed together, to provide a reasonably complete
picture of a given terrain, and (¢) their military significance.

20. The selection cf mapping units, or the terrain-factor stratifi-
cation, was besed on such considerations as (a) naturalistic breaks,
(b) availability of data, {c¢) military significance, and (d) adaptability
of the unit to precise and, vhenever possible, quantitative definitican.

Gemetry ar Porm Pactors

Background

21. landscape, as used in this terrain study, is defined as the
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surface form or configuration (gecmeiry) of an area. Historically, the
representation of landscapes ar surface gecmetry in plan progressed from
simple pictarizl symbols on early Eaps, to hacluring, to the Jirst con.
tour paps in the middle 1880%'s. The importance of this last step in
quantifying cartography cannot be overesphasized; for the first time con-
mensurable verticai as well as horizontal dsta were included on maps.
Advances since that tize seem to have been largely concentrated on shad-
ing and ixproved methods of Rachuring or pictorial representation. These
methods permit a more readily assixzilated bird'sz-eye view of the texrain,
but comparison of one such view with another is largely a matter of
individual interpretation. Classification and direct messurement of the
cezponent parts of such views are necessary before the problems of
objective terrain corparison and a host of similar problams can be
resolved.

Cecmetry factors gelected

22, Considerable thought has been given to the selection of
factors to be included in landscepe description. An attempt wus made to
keep the mmber of factors at a minimium vhile still providing a reason-
ably cwplete picture of the terrain. Preference was given those factors
that could be mmerically expressed and rigidly defined and mapped with
the data avaiiable. Four surface gecmetry factors (plates 1-b) were
finally selected: slope, relicf, dissection or spacing of steep slopes,
and a composite factor called plen-profile. Using these factors, a
region can bde described for example as having hills with slopes ranging
between 10 and 20 degrees, spaced from 700 to 1000 ft apar«, rising to
heights between 50 and 100 ft. A less tangible but equally iwportant
property necessary to camplete this description is the spatial distribu-
tion of these three gecaetry factors; this distribution is termed
plan-profile.

23. The need foar the plan-profile factor is 1exdily vicualized by
considering a hypothetical gently sloping plain dissected by mmarocus
deep, narrov drainageways. Such an area would be mapped as having cer-
tain ranges of slcpes, relief, and slope spacing. Anoth:r genmtly sloping
plain with a series of narrow dikes or ridges crossing it would be mapped

— v — ~ — T~ T - N e DRy un




with th. same rangss of sicpe, relief, and slope specing, but the dispo-
sition of features camposing the landiscape in each instance would be
different. Profiles of the two Zandscapes would appesr as \// in the
firgt instance and as ANA/\. in the second. In addition, it is desirable
to know wivother the ridges ar drainsgewvayz are parallel or intersecting,
contimon: or disconmtimous, i.e, a plan view of the area is needed. Thus,
the ctarrsieristic plan-profile is a necessary part of landscape definition.

2i, The dimensions of the lsndscape typified by the plan-profile are
indicatad by relief and glope-occurrence measurements. For exasple,
alluvial sgrons scored by steep-sided, shallow washes are mapped with the
same plan-profile as extensive, high-standing, dissacted platesns, althcough
the relief and slcpe-occurrence value ranges are decidedly different. This
is considered not only permissible btut dezirable becsuse, with umrestricted
dimensions, the plan-profile allows a convenient nental ivage of the iand-
scape to be formed. To such an image, Xnown values of slope, relief,
and slope occurrence can be assigned and easily assiadiated. In the pres-
ent study, factor values associated with features exhiditing less than
10 ft of relief were considered as aicrorelief (peragraph 58) and were not
included in the landscape descriptions. Consequently, the landscape de-
scription is a generalization of the actual ground surface.
Designstions of geometry factors

25. Cembining the four basic geametry factors provides & convenient
mythod of mapping terrain or landscape in a fairly quantitative fashiocn.
The method is certainly one of the simplest possible. It permitls any land-
scape to be described ty a cozbinaticn of four mmbers or mmber-letter
sy=bols, each representing a particular range of values of plan-profile,
slope occurrence, slope, and r _lief. The combinmation 1L//,4,1b,2, for
exxsple, defines a plain having characteristic slopes of 1 to 3-1/2 per-
cent anl scared by roughly parallel, steep-sided washes from 10 to 50 ft
deep vhich are spaced from 1000 to 5000 ft apart. The landscape type
could be gketched as shown in fig. 2.

26. It might be pointed ocut that the median value or sce function
(square root, sine, cube root) of the mesdian value of the slope occur-
rence, slope, axd relief units could be substituted for tae undt mzxber or
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nuzder-letter sy=bol if
a more direct landscape
designation is desired.
Simiisrly, actusl values
could be substituted
for the directly measur-
able ccaponents of the PROFILE RENCE RELIEF |
plan-profile. (Methods Fig. 2. Landscape representstion showing

of quantifying the plan- use of number and number-letter symbols
to descridbe surface geomeiry factors

profile are presented
in Appendix A of WEBS
Technical Repart 3-506.)°° Although this procedure makes the larndscape
designation more truly quantitative, the necessary expenditure of time in
anaiysis and the paucity of necessarily detailed msps made iis use b3
practical for the present study.

Ground znZ Vegetation Factors

27. Although the legends cn plates 6-9 are self-explanstory, a point
concerning the aggrogele neture 52 the groumd and vegstation factors should
be mentioned. Bach factor 4is actually composed of several factors or
properties that could b defined, stratified, and mapped. Surface rock,
for exazple, could ve stratified in quantitative walues .’ compressive
strength, sbrasion resistance, sphericity of fragnents, proportion of free
silica, and many other proparties. As the ranges of these properties,
for the most part, overlap any stratification based on tbe widely wtilized
genetic classification of rock, tabulation of these properties within a
genetic or descriptive classification is dirficult. The alternative of
preparing a separat. map for each property is, in the light of present
knovledge, a formidable if not impeasible fask. Hevertheless, some method
of separate mapping or, prefersbly, synthesizing through zeaningful tabula-
tions zust be developed for quantitative ground-factor data before a truly
quantitative method of terrain mapping can be devised. In this report, the
vegetation tatuiation (plate 9) presents some quantitative values for tke
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oapping units, and the surface-rock tadulation (plate 8) presemts property
ranges cf a more qualitative mature. Although the mapping of ground snd
vegetation factors used herein is considered adequate for the aims of the
present study, it is not concidered a final effort in quantitative grourd-
factor mapping. A more quantitative systemn is certainly needed and is be-
ing used in actual terrain.cffect testing prograzms.

Exsmples of Desizmations of Yoms Terrwin

28. Although the terrain-type degignation provides a ressonshly
precise and partially quantitative description of a region, it is adwii-
tedly difficult to vizuslize an area by reading a group of mmbers or
mmber-letter symbols until the classification system axd symbology are
tharoughly understood. This capability must, of course, be developed
through contimied uge and fa=Xliarizaticn with the terrain-factor ranges
designated by the various mmbers and mmber-letter sysbols comprising
the terrain types. A few of the landscspe and terrain types found at
Yums are btriefly described in the foliowing paragcaphs in an gttempt to
initiate familiarity vith the system in a relatively weil-known desert
region. The types are also described within the framework of the well-
xnown and widely utilized genetic system of landform classification
(plate 18) to provide an even more familiar buse.

Mountainous regions

29. Mountainous regions, i.e. basin ranges, occupy slightly more
than 18 percent of the cambined Yuma Proving Ground-Sand Hills area
(plates 5 and 18). Landscape types 4,6,5,7; 4,6,5,6; and 4,5,5,5 are
found within the basin ranges. These mumbers identify mapping units or
value ranges of plan-profile, slope occurrence, characteristic slope, and
characteristic relief, vespectively. PFlan-profile unit 4 indicates that
topogiaphic highs (a) cccupy more than €C percent of the area, {b) are
crested or peaked, (c) are nonlinear, i.e. length is less than 5 times
width, and (d) are randmly arranged (see plate 1). Slope occurrence
units 5 and 6 (see plate 2) identify areas where the mmber of such slopes
is 100 to 200 per 10 miles and more than 200 per 10 miles, respectively.
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Characteristic slope unit 5 (plate 3) indicates that the most ccxmonly
ocorring or characteristic slope £s between 26.5 and 45 degraes {approx-
imately 50 to 100 percent). Characteristic relief of 100 to k00, WO to
1000, and mare than 1000 £t is indicated by relief units 5, 6, ard 7,
respectively (plate 4). All the basin ranges (plates 6, 11, and 18) are
characterized by soil-rock asscciation unit 1 which identifies a mosaic
of bare rock and stony soils with s few scattered patches of coarse- amd
fine-grained soils. Bare rock and stony soils cover less than L0 percent
of the area mapped. The smmll 4,5,5,5 area immediately south of tha
Wnite Tank Mountains (plate 5) is chsracterized by surface rock unit 3a,
i.e. true extrusive rocks formed by solidification of maiten material that
poured cut on the surface of the earth, ¢.g. basklt, dacite, etec.

(plate 8). Surface rock unit 4, metsmorphic rock, predominates in the
4,5,5,6 aress of the Muggins Mountaing; however, areas of true extrusive
rock (unit 3a) are also found. In the 4,6,5,7 type mountains south of
Growler, -Arizona, areas of uniifferentisted sedimentary (unit 5) amd
metasnorphic (unit &) rock are found. This lardscape (4,6,5,7) is also
found in the Palomas Mountains in asscciation with surface rock unit 2
(intrusive ignecus rock). The 4,6,5,6 landscape type is the most wide-
spread of the mountain types at Yuma., In the Trigo end Chocolate Moun-
tains the 4,6,5,6 landzcano type fc found in sress of mxtsmorphi: rock
(unit &) and surface rock complexes of tmus extrusive rock (unit 3a) end
volcanic ejects {unit 3b). In the portions of the Middle and White Tank
Mountains, the landscape type is associxted with true extrusive rocks
(unit 3a). In the Castle Dome Mountains the 4,6,5,6 lardscape type is
found in association with the 3a-3b extrusive rock complex, undifferenti-
ated sedimentary rock (unit 5), and metamorphic rock (unit k). ALl the
basin ranges are characterized by vegetation unit 2 (piates 9 and 18)
vhich indicates a graund coverage of 1 to 5 percent consisting priwarily
of widely spaced thorny shrubs, bushes, and low tyees. It geems rather
obvicus, then, that cmce the classification and sysbology of the esployed
mathod are understood, a designation such as tesrain type 4,6,5,6,1,3a,2
esn convey a considerable ammunt of informgtion regarding the area. In
centrast, the clsssical methods of geomorphic or terrain description
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would require seversl parsgraphs or pages to convey the same information,
and an area described by one perscan might bte unrecognizadle &s the saxe
ares when degcribed by another.
Alluvisl fans and aprons

30. Alluvial fars snd aprons occupy slightly mcare than 4 pexcent
of the combined Yuma Proving Ground-Sand Hills ares (plates 5 and 18).
Landscape types 1L,4,1b,2; 1L,4,2,2; and 7,1,1b,1 characterize the fan
and apron regions. Flan-profile unit il indicates that tcpographic highs
(s) occupy more than €0 percent of ihe area, (b) are flat-topped, {c) are
linear, and (d) are randomly arrangsd or nonparallel. Slope occurrence
unit b identifies are=as where the nusber of slopes steeper than S0 percent
ranges from 20 to 100 per 10 miles. &lope units ib and 2 indicate that
the characteristic slope is between 0.5 and 2 degreas and 2 and 6 degrees,
respectively. Characteristic relief of 10 to 50 £t is indicated by relief
unit 2, The 7,1,1b,1 landscape describes an area exhibiting (a) no pro-
nounced topographic highs or lows, (b) no slopes steeper than 50 percent,
(c) a characteristic slope of between 0.5 and 2 degrees, and (d) character-
istic relief of less than 10 ft. Tae 1L,4,1b,2 ladscape is the most
widespread and is ususlly associated with soil type unit 6, i.e. sand and
gravel mixed with minor amounts of finer material, and soil consistency
unit i0, i.s2. noncohesive surface layer less than 12 in. thick underlain
by & Z2ense layzr. The most casmon vegetation found with this combination
of factors is a couplex of units 3 and 4 (moderately spaced thorny shrubs,
bushes., low scrubby trees, herbs, or clumps and open stands of coarse grass
with scatterad denser stands of shrubs and scrubby trees). Areas of soil
type unit & (gravzl) with sail consistency :mit 9 (crusted surface of non-
cohesive pebblies or gravels overlying noncohesive materials), and soil
type unit 8 (silt) with soil consistenmcy unit 10 (noncohesive surface
layer underlzin within 12 in. by dense lsyer) are also found within this
iandscepe type. Vegetation again is usually a 3-4 unit camplex. In
general, the sare ground and vegetation factor combinaticns are associated
with the 1L,4,2,2 lardscape type. fThe 7,1,1b,1 landscape type is crarac-
terized by soil type unit 6 {sand and gravel), soil consistency unit 10
{noncohesive surface layer underlain within 12 in. by a dense layer), and
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vegetation unit 3. Areas of soil type unit 8 (silt) and s0il consistency
unit 4 (firm) are also found in associstion with landzcape type 7,1,1b,1
end vegetation unit 3.
Other landforms

31. BExamination of plates 5, Y, 11, aad 18 provides similar descrip-
tions for the remaining landPorms (wnich camprise approximately 38 percent
of tae area) found at Yuxa. Consolidated and unconsolidated hills, flocd-
plains sard terraces, end dunes occupy most of the area not composed of
basin ranges or fans and sprens. If the terrain types composing these
varicus landforus are determined fmuwm the maps, it will be odvicus that,
even vithin a region as szall as the Yuma Proving Ground, classical land-
forms sre not hamogeneous froc the ztanipoint of terrain types, and the
same terrain types can be found within "different” landforms. These are
izportant points that should be borme in =ind if anv attempts are made to
compere regiaons on the basis of classical gecmcrphology.

Sumary of Mepping Methods

Ceneral concepts

32. The mapping methods are revieved in more detail in the Handboock
(WES TR 3-506) cited in paragraph 10; therefore, cnly a general discussion
is presented here. Basically, the prizary function of any wmap is to show
the plan distribution of classes of things. These "things” may represent
ranges of elevation {as on contour mapz), vegetation types, countries, or
inmmerable Gther classes or groupings. For accurate mappins, the preci-
sion of the methods and techniques expioyed varies directly as the quanti-
tativeness of these clasges. For exmmple, fairly qualitative classes such
as physiograzhic units can be rapped with qualitative data and feirly sub-
Jective procem:zes, whereas the sccurate mupping of hypscmetric, alope,
and relief cilacses requires quantitative data as well as precise and ob-
Jective mapping techniques.

33. Furtiicrmore, it has been fourd that grest differences in map-
ping scale exert relatively 1ittle influence on subjective procedures, but
often produce camplications when precise axi objective mapping techniques
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are utilized. This i3 espacially true iy going from large-scale to zmall-
scale mapping snd indicates that scalar-deterkined generalization carc be
easily handled in mapping qualitstiv- classes with sudjective techrdques;
but this generalization is difficuit o describe whea precise and objec-
tive mapping techniques are utilizsd. In fact, the scilar gereraiization
resulting wvhen such techrniques are employed can only be determinsd through
collection of smpirical data in actuel eapping al smali and large scales.
Although same comparative data bave veen accummlated. in most cases it iz
? currently only rossible to estimate scalar effects. In areas such as the
Sauthwesterr United States vhere map covarage &t varicus scales is fairly
geod, some mepping und scalar correlations or relaticns can be chserved.
For exmple, if objective mapping techniques and 1:25,000 rmaps with a
10-ft contour intarval ~re employed, many ranges associated with the basin
and-range region of the U. S. will include pstches of slope units 3, &,
ard 5, with unit 4 being areally predaminant. If the same techniques and
1:250,000 maps vith 100-ft contour intervals are employed, these ranges
would be mapped as slope unit 3. Obviously, if large and small regions
are to de compared in terms of terrain factors such as slope, these
differences cannot be allowed. Thug, all terrain-factor rapping must
utilize as a base the same contour interval, ssmpling area, and scale to
ensure that true areally dominrant classes will be shown at small scales.
34. Referring again to the U. S. basin-and-range region, let us
asswse that cnly 1:250,000 maps with 10J-ft contour intervals ave avail-
able for certain lithologically similar ranges, and tre resulting slope
vhen some established objective mapping technique is utilized is unit 3.
Bopirical deta in these type areas permit prediction with some assurance
that if aps with a 10-fi contour interval were utilized the predoxinant
slope urat would actually be unit 4, Thus, modification of mapping units
fram a small-scale to l-arge—scale mapping base can often be made with con-
fi.ence. Where good map coverage is available at different scales for e
region, establishment of these modifying relations is relatively sirple
though tedious. In other relatively "urmapped” desert areas, subjective
estimates must suffice until enough maps end ezpivical rapping data are
available to allow objective determination of scalar effects. Revertheless,
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since ranges of values are used in the mepping scheze employed in €his
repert, subjective estimates can be made with coesideraple confidence in
sose areas. Spot-mapmng of werld desert tracts, for which both large-
scale and small-scsle maps are availsable, has s8lso provided mumerous
laniform-terrain factor assoclations that aid in kase-scale (1325,000)
and contcur-interval (10 £t) mapping of relatively unknown arcas. Many
of these associations are indicsted in plates 19, 194, 19B, ama 19C.

35. The preceding general concepts are considered ir. establishing
procedurss for general mapping of geameiry, ground, and vegetation facturs.
Probsbly the most important point is that the nmappirg dDases utilized for
the various factors, with the exception of physiography and hypsametry,
acc "large scale” in nature. Therefore, they are closely allied with the
Yuma area. Througn the areal generalization process just described, the
same papping base was employed in the sasll-scale mapping of world desert
areas. In geametry-factor mapying, & scale of 1:25,00C, contour interval
of 10 ft, and a l-mile-diameter samplirg circle were employed as the datum,
and fairly objective techniques for mepping Yuma and wurld deserts were
established, Areas of geametry factars mapped in tids manner are comn-
sidered to be characterized by a restrictive geametry-factor type. Al-
though the limits of the ground- and wvegetation-factor mapping clasues
were established with all possible precision, fiirly qualitative dsla and
subjective techmiques were employed in actual mapping of these factors.
Existing soils, geologic, agricultural, and vegetation maps, written
descriptions, and newly estsblished landform-ground factor associations
were necessarily the primary bases for mapping. The objective sampling
and maping techniques required torgrmmd-factormppinginactnalf{em
investigations have been explored but could not dbe employed in the present
study.

Mapping complexes

36. One of the more important concepts in the method ezployed in
terrain-factor mapping is the use of complexes to illustrate dual classifi-
cations. Mapping is accamplighed within the pertinent area by simply show-
ing the 4wo classifications (papping weits) on either side of horizontal,
vertical, or disgonal lines. This results in the fracticnal or banded
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spubolisstions ildnstreted in plates 1-9. Complaxes may be either arexl
& Srosl-Oxponmt .

37. Areal coxplexas indicais tha existencs or two zodominarnt map-
ping units within a giwsn ares, Ior example, these complexes are mxpped in
regione vaere v major arsally mestricted sodl types occur bui canrat te
separstaly delinsated decssse of the sepliness of th» apeping scele or
lack of detalled informetion. It follows that aresl complexegs become less
importsnt as scales bLecome larger and as the amount of mepping inforwation
increases. Terrain-factor coepleaxes represant mogaics of factor classes
or wapping uniis; i.e., they indicste distinct, areally restricted tracts
of spacific, dminant meyping undts rather than mixtures of these units.
Toe legends of plates 1-9 sxplain the significance of the symbolization
utiiized it mapping areal complexes. It should de mentioned that for
cartegrephic reascns, areal cusplexss of geametry factors are mspped only
whare the plan-profile factor is mapped as an areal complex.

38. The gross-ccmpanent or gross-restrictive complex is used
sclely in geometry-factcr mepying. The need for such a complex is
obvicas. As defined in this study, landscapes are semiquantitative
descriptions of terrain gecmetry designeted by four muxbers or mber-
letter symbols, each coarresponding to mapping unit: of the four geom-
etry factorz. Each landscape, however, is composed of smaller land-
scapes and is in turn part of a larger or next-order landscape. The
lower limit of such landscapes has been set by definition as those ex-
hibiting relief of at least 10 ft, i.e. those generated by a 10-ft con-
tour interval. In most instances thic landscape adequately depicts ter-
rain geometry. In gome cases, however, such as the situation fllustrated
in fig. 3, this landscape forms a component part of a larger or gross
landscape and musgt be mapped to obtain an adequate portrayal of the ares.
FHote that in fig. 3 a parallel ridge srea with ridges from 2 ¢o 10 miles
spart comprises the gross lardgecape, vhereas the plain between these
ridges is a component (restrictivs) landscape. Two scales of generaliza-
tion are used in this portrayal. Using the plan-profile factor as an

exaxple, the restrictive, or cazponent, plan-profile is determined by
utilizing a sazpling circle 1 mile in diameter, a contour interval of
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10 ft. and & map scale
of 1325,%0. At least
two characteristic
plan-profile types
vill be found: one
for the plains and

cne for the ridges.
The g-oss plan-profile
is determined utiliz-
ing a 35-mile-diumeter
sampling circle and
1:250,000 maps with
100-ft contour inter-
vals. Obviously, a
gross plan-profile can
be divided into a
minimm of two restric-
tive, component types,
either of which can be
napped with the gross

plan-profile. Each
restrictive plan-
profile must exhibit

LAM PE

:pw-mou AREA WITH THE RIDCKS FROM 2 TO
v ART, THEIR HEIGHT RANGING BETWEEN 890
relief of a lower AND 1900 FT, AND THIDR CHARACTERISTIC SLOPE B8-

order than the TEEN 38 Ao 8%
gross plan-profile Fig. 3. S‘gge:ttic mhtli::s b:.pt:zen gross
if a gross type is
to be papped. This qualification explains why many areas are shovm
on maps with only restrictive plan-profiles, i.e. characteristic relief
within a l-mile circle falls in the sazec relief class as that within
a 35-mile circle.
39. The remsining geazetry factors sizply provide additional data

corcerning the plan-profile. The meaning or significance of the
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Y B symbolization veed in mapping the gross-component complex varies somevwhxt,
depeniing on the zeametry factor mapped; however, the legends on plates
“y 1 should provide adequate sxplanation.
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PART I¥: DEVEILOBMENT (F AMALOGS
Method

0. As previously meationed, eack of the terrain-factor maps is
actually ar analog map. Sixilarly mapped areas at Yuma and withiu the
MED exhid®it high degrees of analogy from the stamdpodnt of the particular
Lerrain factor under consideration (zee plstes 1-9). Table 1 indicates
the terrain-factor value ranges, or mapping units, that are found (a) both
at Yuma and withir. the MED, (b} ai Yima only, and (c) within the MED only.

41. A synthesis of terrain-factor data and meps, resulting in the
estedblistument of varying degrees of analogy of perticular MED areas with
portions of the Tuma Proving Ground and Sand Hills, Las been attempted in
plates 10-13. This synthesis involvel the preparation of {a) a gecmetry
or form analog map, (b) a ground analog map, (c) & vogetation analog mep,
and (d) & terrain-type analog nap.

42. The geometsy analog msp (plate 10) is merely & modification of
the generalized lardscape map (plste 5) vhich was prepared through super-
position of tbz siope, relief, slope occurrence, and plan-profile maps.
If a landscape type designated by s combination of four rambers or number-
letter symbols (each representing a specific mapping unit of characteristic
plan-profile, slope occurrvence, slope, and relief) found at Yuma also oc-
curs in the MED, the ares 30 aspped is comsidered to be highly analcgous
to the region exhibitinug this landscape type at Yuma. An area in the MED,
or any other world desert ares, exhibiting three nuabers or mamber-letter
symbols cut of four found in & combination at Yuma is considered to be
moderstely anslogous, end so on. The analog deterxinations are indicated
in tadble 2. Note that gross landscapes (mepped utilizing a 35-mile-dismeter
sampling cell and 100-ft contours) are distinguished from component or re-
strictive types (mspped utilizing e l-mile-dismeter sampling cell and 10-ft
contours). Gross landscapes in one area are compared only vith gross land-
scapes in another, &s is also the case with restrictive types.

43. The ground analog mep (plate 11) was prepared in & manner very
similar to that used in the preparation of the geametry analog mep, i.e.
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by scperisposing the soil-Uype, soil.consistency, ard ssrface-rock maps.
In ths Yuma ares and in i3 MED, soil-rock units (swil units 1-3) arz
alwvays found in cambimation with surface-rock types, and soil units 4-10
sre alxmys fournd in cambingtion with soil counsistency types. Hence,
pround analoga are dasignatsd by only 2 digits (o b digits where a com-
piex i3 mapped); their determination is cutlined in table 3. Tue veguts-
tion emaiog map (plate 12) is a slight modification of the vegetstion
-p..ﬁe)@muppdﬂthumimmts found at Yume are con-
sidared to be higily anmalogous to their Yume counterparts.

kh, Note that the identity of the verinus terrain-factor sapping
anits has been retained, through utilization of their mmbers cr mmber-
latter symbols, on ths three analog maps. Thas, for example, when &
tract vithin a world desert area exhibits two ocut of four gecmetry-
factor mepping units fourd in combination at Yuma, it is possible to
identify the units common to both areas. In other words, the units that
determine the degree of analogy can be idemiified.

55. The terrain-type anslog msp (plate 13) was campiled by super-
imposing the fuctor maps and identifying individual terruin types by a
series of zeven mmbers or mmber-letter symbols, each representing a
value rangs or class of the four geametry factors (plan-profile, slope
occurrence, siope, ard relief), two gronnd factors (soil type-soil con-
sistency, and soil type-surface rock), and vegetation. the terrain-
type arrays in the MED were compared with the most similar (errain-type
array: at Yuma, and the mapping units ur components of gecmetry, ground,
and vegetation were assigned values ranging from O to b4, based unon the
mmber ¢f mapping units in ccamon witl Yuma. In other words, iveas
delineated on the terrain-type analog map were designated by three digits.
The mmders indicate, in sequence, the mmbder of identical gecmetry,
grourd, and vegetation-factor value ranges occurring in the MED torrain
type that are also found ir combination at Yuma. For example, the series
4,2,1 found in the MED indicates that all seven terrain-factor classes
characterizing an area in the MED are fourd in combinstion at Yuma. The
series 2,1,1 mapped in the ¥ED indicates that two of the four geometry-
factor classes, one of the two grourd-factor classes, and the regetation
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class are found at Yume..
value ranging fram O to 7.

Totaling each secies of numbers results in a
This range was then divided into five groups

by degree of analogy, and the sreas exhidbiting thzse value groupings ware
outlined on the map. Regions where terrain-typ» znaiug va’ues resulted

in tosals 6-7 were mapped as highly amalogous; 4-5.5, wode tely analogous;
2-3.3, slightly analogous; 0.5-1.5, insppreciably analogous; and O, not
analogous {see plzte 13). In general, highly analogous world desert tracts
exkibit, or closely approximate, combinations of terrain-factor mapping
units found at Yowa, and the degree of anslogy decreases directly as the
similarity to s cozbination of mappirg units found at Yume decreases. Al-
though the identity of the individual terrain-factor mapping units has not
been retzined on the composite amalog mup, identificaticn can be made
casily through examiration of the other analog maps.

46. It should be mentioned that all terrain factors were given
equal importance in the analog determinations. No serious effort was made
to establish a more suitable "weighting” system because of the difficulty
inherent in any attempt to determine the relative importance of any terrain
factor from the standpoint of (a) gecmarphic considerations or (b) general
or universal oilitary application. Furthermore, for reasons of simplicity
and universality, no attempt has been made to differentiate between degxces
of analogy within specific terrain factcrs. Por cxample, Yuma landgcape
type 4,4,3,5 1s more analogous to landscape 4,5,3,5 than to 4,6,3,5, tut in
the method e=ployed each of the world desert areas characterized by these
lardscapes would be given a value of 3, i.¢. congidered to be moderately
analogous. “"Weighting” systems for entire terrain factors cr terrain-
factor mapping units can be devised for many specific considerations and
e=ployed when desired.

47. It should alsc be noted that analog determinations in areas of
ccplexes are based on independent conzideration of specific areal or gross-
component types. For exazple, a region mapped as an areal cazplex consist-
ing of two landscape types, one highly analogous with a type at Yuma amd
the other 3lightly analogous, would be mapped as an areal cczplex showing
each degree of analogy. Thus, in the present system, the analogy in
regions of areal or gross-coopanent cooplexss is based on each landscape or
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terrain type. Obvicusly, differemt methods could te utilized if it were
desirebls t recognize the amslogy of the entire sres.

k8. The terrain-typ: amalog mep thus delineatss areas possezsing
conbinations of geomstry, ground, and wegetation factors that, wher com-
pared vith the most similar combinaticm at Yuma,; exhibit the same degree
of amalogy. Any area on the terrain-type analog map exhibiting a partic-
viar degree of amalogy (high, moderate, etc.) may consist of either a
singls characteristic terrain type or s mosaic of several cheracteristic
tarrain types; however, eo’. type must exhidit the same degree of analogy
when campared with the most similar type or types found at Yuma. Utfliz.
ing areas in the MED as examples, the An Nafud dune region has been mapprd
az a single terrain Ltype and the antire area is shown ss moderately
anslogous on the terrsin-type analog map {piate 13). In contrast, almost
theezxtinhir-!m!ﬁghhnds}ﬁicbhnppeﬂuhighlyw,
consists of several terrain types, each of which is highly analegous.

49. Careful sxamination of the terrain-type anslog map and various
terrain-factor maps emphasizes some interesting points. First, sreas com-
posed of different genetically described landfurms often exnibit relatively
high degrees ¢f anslogy. For example, playas and river-terrace surfaces
are noderately analogous. If the claszical, qualitative, and genetically
based gecmorphic descriptions of such areas were employed, this similarity
would, for the most part, be ignored. Conversely, it is also ccmmon to
find many different terrain types vithin a single physiographis "unit,”
such as volcanics or dunes, established on the basis of qualitative methods.
Second, such examimation hints at the almost infinite mmber of special-
consideration or -purpose maps which can be prepared utilizing the terrain-
factor ard analog maps, for example by combining certain terrain-factor
maps such as slope, relief, and soil type. Specizl maps showing resulting
combinations and their distribution can bde easily prepared. Analog maps
for these special combinations can alsc be compiled. Only slight modify-
cation of existing maps is necessary to show the distridution on other
vorld desert areas of Yuma terrain types, landscape types, or any desired
terrain-factor ccmbinations. Conversely, maps showing the distridution at
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Yuma of terrair tyres, landscspe types, etc., commcn in other world desert
aresas can be easily prepexed.

S0. Table b and plates 10-12 of this report and other desert analog
folios provide a wealth of data that can be utilized in (a) evaluating
Yume as 1 test station for specific activities or overall suitability as a
testing site, ard (b) locating areas that may be mare analogous to aggregate
world desert conditicns than Tuma, or which, when considered with Yumas,
will cover a ruch more representative range of desert terrain. Although
table 4 deals solely with landscape types, examination of it in conjunction
with plates 6-13 of this report and the other desert analog folios will
irdicate (a) landscape and terrair types found in cther world deserts which
do pot occur at Yuma, (b) other areas that can supply the types missing at
Yuza, (c) the subaress at Yums that are representstive of conditions found
in other world desert areas, and {d) tiae subareas at Yuma that are ancma-
lous fron the standpoint of world desert conditions. It is, of course,
also possible to compare the various worid desert areas in terms of their
landscape and terrain types, and their distritution or relative importance.

Analysis of General Applicability of
Analog Technique

51. The foilowing is a brief anelysis of the techniques that have
been exployed in preparing analogs for this series of reports:

a. The geawetry, ground, and vegetaticn factors selected for
rapping define terrain in simple, yet reaconsbly complete
terms.

I3

In the system of mapping used, terrain factors in all world
desert areas are mapped utilizing the same units. Hence,
the completion of all reports in this series will afford,
far the first time, a ready comparison of the terrain of
all the deserts of the Horthern Hemisphere.

c. Terrain factors at the Yuma Proving Ground have been mapped
using the same units used for other world desert areas, thus
pernitting ready comparison of Yuma with world deserts.

d. HKapping generslizations have been areal, anxd the degree of

refinement has varied with the scale. This irplies that
an area at Yuma delineated as having steep slopes, for
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exanple, may consist of G5 percent or acre steep slopes,
whereas in zome other world desert ares, steep siopes ray
occupy cnly 50 percent of the region so mapped. This is
considered ideal in estadblishing "testing" analogs since
tests within restrictively mapped units at Yoms would be
represeniative of typical situstions within a similarly
mapped, but more generalized, world desert ares.

Terrain geometry has been mapped &t & standard topographic
envelope (the 10-ft contour interval) regardless of scale.
In sapping gruss geometry the 100-ft contcur interval has

Leen utilized.

£. Terrain gecaetry has been reduced to four major factars.
One, the plan-profile, is a qualitative framework, the
dimensicns of which are indicated by three quantitative
factors: slope occurrence, slope, and relief. This pro-
' vides a readily assimilated mental image and a semiquan-
! titative classification of the landscape. The systeam per-
aits =apping of more than 7000 mathematically possible
) ‘ landscapes, but natural selectivity seems to have limited
lardscape types in zmost desert areas to sbout 100.

B- All geceetry, ground, and vegetation factars are synthe-

' sized by superposition into & terrain-type analog =ap which
indicates degrees of analogy or similarity of the mapped
world desert areas to the Yuma Proring Grourd. Esach ter-
rain fector has been given-.equal weight in this synthesis.
"Weighting" systems can be devised for specific

i considerations.

h. It is believed that the analog techniques, with modifica-
tions and additions, will be applicable in enviromments
other than the desert.

Problens and Recocrmendations for Solution

52. Three of the most serious problens in conmection with the systen
of classification and mapping employed in this report cconcern: (a) the
| ; gualitativeness of the ground and vegetation factors, (b) the overly sub-
Jective methods that zust be used in mapping areas for which iittle data
i ) are available, and (c) the difficulties involved in integrating microrelief

into the present system. The following paragraphs discuss these problems
ard offer recocmendations for steps toward their solution.
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Quantitative classification of
ground and vegetation factors

53. It ix generally sgrezd that quaniitative claszifications of the
grourd ard vegetetion factors woiudi be most desiradble and that studies to
quantify these espects of terrain should be intensified. A preliminpary
gystem for descriding ard mapping vegetation in an almogt entirely quanti-
tative mcaner has been devzloped and is presently being exployed in ter-
rain research W.ﬁo

sh. A troudlescae aspect of the various attempts that have been made
thus far to quantify the grounxl and vegetation factors is that such qranti-
fication invariably necessitates consideraticn of a multitude of quantita-
tive factors %o express a single camposite factor which is now expressad
qualitatively. Although this multiplication of factors should be expected
if the benefits of quantification are to be reaiized, the mmber =ust de
kept within reasonablzs and practical limits if the classification is to be
integrated intc a usable system that fully describes terrain. Otherwise
the researcher is soon bturied under a profusion of symbols, and his maps
are 50 complex that they beccme ugeless. It is reemphasized that although
the quantitative approach is desirable, it may still be wise to utiiize
seaiquantitative or qualitative techniques in scme cases.

techniques

55. Considersdble progress has been made in preparing a set of rules
or instructions for truly objective mapping of the gecmetry factors in
arsas mapped with 10- or 20-ft contours; however, these instructions
need refining and simplifying. Rigorous technigues should alsc be
developed for mappirg the ground and vegetation factors.

56. A regrettable but necessary coroilary of mapping pocrly known
regions is that subjective techniquas becawe increasingly important as the
quantity of data decreases. The need for guides to aid the analyst in subd-
Jective mapping has long been recognized, and much valuable information
exists in the literature which, vhen proporly assembled, could be used to
translate raw descriptive data into the classification gystem utilized in
this report. The effects of climate, lithology, and elevation on sofil
type; the effects of soil typs and landform association cn relief; and the
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congequences of lithology and vegetative cover on terrain getmetry in
general are examples of the types of studies that serve as excellent
guides to mapping in poorly known areas snd permit a somewhat objective
approach. Preliminery studies slong these lines were made preparatory
to mapping the worid deserts in the varicus reports of this series. An
exmmple of this work is tne chart of landform.-geometry factor associations
in plate 19. However, much sdditional work is needed on methods of dis-
cipliniag subjective mapping.

57. Another approach to establishing muides, perticularly for map-
ping the geametry of poorly known regions, is through detailed study of
& hierarchy of terrain envelopes. Preliminary studies indicate that
valid and pertinent inferences can be made of the geometry of a particulser
region from maps with scales as small as 131,000,000 and a 500-ft countour
interval. Reasonadbly valid relations can be established, for exsmaple,
tetween slopes measured directly from such & map, slopes measurad from
1.2250,0C0 maps with a 100-ft contour interval, and those messured from a
1:25,000 map with & 10-ft cowtour interval. Detailed studies should be
corducted to coapsre and graph the various quantitative geometry factors
in areas covered by raps employing these scales. Relations between the
hierarchy of envelopes could then be compsred in all the areas mappned and
hypotheses developed and <ested ccencerning significant variatlons in thess
relations, which may be dependent upon lithology snd climate.
Suxface roughness (microrelief)

58. Surface roughness, or microrelief, is an important aspect of
terrsin gecmetry that was not integrated per se with the description of
terrain presented in this report because it is concerned with those fea-
tures of terrain geometry having relief cof less than 10 ft. It is recog-
nized that microrelief iz extremely important; however, there are excelient
reasons for disregarding these ninor features iu mapping the terrain fac-
tors previously discussed. In the first place, a reasorable lower limit
had to be placed on the scale of generalization. Consideration of very
minor features would have hopelessly camplicated the systes. Secondly,
although travelers' accounts, available maps, landform ties and associe~
tions, and a libersl infusion of Jjudgment permit reasonably consistent
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delineation of the terrain as generated bty the 10-ft contour interval,
delineation of microrelief within the vast uncharted sress of scme of the
world degerts considered would result in excesgsive subje:tivity. PFerther-
nare, areas of homogeneous microrelief, i.e. areas throughout filch a
gingle microrelief fegture prevails, are normally of small extent and thus
could not be shown at the scales of one to several millicu used in por-
tions of this study.

59. Major difficulties in microrelief conzideration lie not oniy in
its classification, but also in developing a reasonably objective approach
to mapping this factor and fitting it into the scheme of cverall terrain
analogy. A possidble solution is to accept the fact that our present
inowledge of the variations in microrelief is too limited for reascnably
accurate classification and mapping of this factcr, and to seaxrch for a
method »f improving estimates of microrelief ccnsiderstions in umapped
areas. At present, such estimates mst be basea an lsadfarm-lithologic-
soils associations. The much-less-qualitative terrain-classification
scheme represented by the geametry, ground, and vegetation factors utilized
in this study consequently provides a more adequate base for detailed
studies of microrelief. For example, a 1L,4,10,2 landscape type with a
unit. § soil type, unit 10 soil consistency, and a 2-4 vegetstion complex
can be examined either in the field or on detailed, large-scale maps if
available. 1t seems almost inevitable tuat distinctive groups of micro-
relief featurcs will be associstel with such distinctive terrain-factor
combinations. Groups of microrelief types could be cataloged as charac-
teristic of varions terrain-factor combinations axd used as & basis of
analogy. Determination of these associated micrarelief types would, of
course, involve a detailed and long-range mapping prograa. Shart of this,
the existence or lack of terrain types (specific cozbinations of geometry,
ground, and vegetation factors) and, dy inference, their associated micro-
relief groups iz the best indfcgtion of the degree to which Yuma does or
does not cozpare with other world deserts from the st¢ *point of micro-
relief. Conveniently, the degree of analogy as dotermined in the terrain-
type analog msp (plate 13) automatically considers this relation. For
these reasons no attempt was =333 {n the present study either to zap
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aicrorslief @ to detemmine its effect on the terrain-type analog map. It
iz balizved that synthesis of the ground, geamstry, and vegetation facters
detoruirgs tha effect of micrarelisf on overzll terrain amalogy as well as
it can presently b¢ deierwined.

§0. Wnile the shove-mantioned terrsin type-microrelief association
seems Megmate to inicate the resence, lack, and distribution of micro-
relief types st Tuma and in worldd degerts, it is certainly not adequate
for determining ths effect of micrureiief on various militsry activities
or materiel in tests at Yuma. A quantitative system of descriding, clas-
sifying, mapping, and comparing microrelief is needed in this case, and
studies have been’'® and are presently {1966) being conducted in this vein
to woduce an acceptable method to portray these fextures.
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e a2 Tuma, sarfsce rock it ¢ (volimertaries wndifferestiated) loclofes wmits 6,,.% sandstice
LA Tone, et shale, PRmpettiveny ), and .o e NED it o (Lpuecws andifferestiatet’ inc.uie;
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3,5.9,5
&.5.5.5
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§05v§.5

3,5,5.6
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3,6,%,5 56,4,5 Highly
4,6,%,5 4,604 Ky
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¢/7.6.. £,7 ’ Moderately
Todyla,2 Bigkly
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Grourd.Factor Arrays® Fourd st Yuma and {n the Riddle Eaist Degert

Analegy Determivations

Ty oM e A

%Ik v v adbwen -

T R R S

Degree of
Aoalogy

Ry

Partinlly
Fartially
Partially

Highly
Lighly
Partially
Partially

Highly
Partially

KXD Grovnd-
Pactor Arrsy

Protor Arrey

8,4

8,20

%,

T

®  Grourd- factor arveys are o symiols indicating cappirg units.
antta 1,2,3) are slvays found in combinaticn wit: surface-rock types, and soil units
%,5,6,7,5,9,10 ar¢e alwnys found in comdination with eoll-consistency types.

Lightface typo sndicates ths anits fount in the closest
Units shiown in Woldfee type are mot found st Yuza in condlzation with the rezaining
arits of the army.

At Yuna surfece rock wut 5 (zedinmentaries undifferentisted) inclodes units 6,7,8,7
{senxistone, limaztons, shale, and evaporites, reapectively), amd {n the MED untt
{tgnecus oxdifferentsiated) includes anits 2,3a,30 {(intrustves, true extrusives, and
rocks formed Dy gecotalaxy lementaticn of loose leposits of wolcanic ejecta, respec.
tively), therefore, where those anits are mapped in the ¥ED, thay are dcaigrated by
lightfuce symdols.

In & parti saar arrey 1% may be poscidie to Shocse dlfferent sets of lightfece or
boidface units ¢ indicate the zaxizum dagree .7 anaiigy.
ars copared in the crder givern in iha arvay, 2.8. the KID erray 5,10 was >ompared
with the Tuna arvey 5,1 rather than &,1C.

Soil-rock units (soil

array at Yuza.

In such instances anits
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ADPEXDIX A: THE FROZIEM OF TERRAIN COMPARISON

1, %2he following comments on the philosophy, purpose, and problems
associated with terrain analysis and cosperison are tased, to a consider-

able extent, on materiai included in Technical Nepart 3-506.70

antitative Versus Gualitative Approach

2. Terrain studies amd classificstions zay be either qualitative
or quantitative. The qualitative appruoach to geamorphic description con-
sists prismarily of written descriptions of terrain and lamiforms dealing
extensively with the genesis of various lardforms and surfaces. The
approach depends almost entirely on the sikill of the analyst, both az an
analyst and as A 'mster of descriptive prose. Such terrain description
can be vivid and peretrating, conveying to the reader a clear mental irage
of the lamscape. Altermatively, depending on the skills or backgrounds
of both the analyst and reader, it can be poor and =misleading. In any
case, it is patently unsuited for objectively cozparing one lardsiape with
another.

3. As previously mentiored, terrain say be considered to be the
aggregate of the physical characteristics of the land, A quantitative ter-
rain description is sizply one that uses numerical va:lnes rather than words
to def.ne terrain ar its cozponent factars. It is usually less vivid than
the qualitative approach, but has obviocus advantages in its objectivity
and in the fact that terrain factors and “heir subdivisions can he rigor-
ously defined. A more subtle but even greater advantage is that terrain
factors vhich are stratified in a quantitative manner may de manipulated
cathezatically so that the effects of individual terrain factors, or of
factcrs acting in concert, can be determired, Drainsge densities, for
exa=ple, can be expressed in terms of the ratio of the sum of charnel
lengths to \ .2 drainage basin arca. The product of drainage density ard
relief, in turn, is a proposed measure of basin ruggedness. In mest

* PBalsed mmbers refer to corresponlingly musbered iftems in Selected
Bibliography at end of main text.




instances csuch quaxtitative systems have evolved from studies aimed st
determining (a) tarrain effects in specific fields such a3z hydrology amd
agriculture, and (b) a method for describing a single terrain factor such
& slope or relief. As a result, quantitatively expressed factors useful
in presenting an aggregate o entire picture of terrain have noct %een
sxplored to any great extent. It should also be poirted cut that quali-
tative tarms are usually expressions of a group of factcrs that cculd be
eapressed in a more quatitative and precise manmer; however, precision is
usually gained at the price of simplicity., While the quantitative approach
is not propoundod as & magic cure-all, and vhile admittedly it may be vise,
Or necessary, to utilize qualitative techniques in many cases, quantitative
sethods must be favored in objective terrain cisssificstion, and in in-
vestigations of the e?fwcts of terrain on military activities.

5. The techniques on which the MED study vas based follow a middle
course betveen the qualitative and quantitative approaches. I%¢ was rec-
ognized that s quantitative spproach wes ideally suited for terrain analog
or compariscn purposes, and every attespt vas made to quantify. Where
attenpts at quantifying terrain factars resulted in overcomplexity, how-
ever, o qualitative system vas emplaoyed. Soils, for exaxple, are ex-
pressed in standexd qualitative terms, {.e. silt, clay, sand, etc.,
rather than in quantitative terms such as median grain diazster, cohesive
strength, etc. It was also apparent that the quantitative approach had
heretofure been applied to small homogensous areas for which large amounts
of terrain data were availablez or cotainable., The scarcity of such data
for larger areas precluded the utilization of strictly quantitative systems
for describing and mapning various terrain factars. Consequently, a niddle
course between the quantitative and gqualitative approaches was the only one
consistent with the goal of determining, with available data, the suit-
ability of the Yuma area as & desert test site.

Terrain Factors Versus Terrain :bffects

5. Terrain factors and terrain effects were considesed for utiliza-
tion as a base in establishing a uniform syste= of describing, classifyirg,

A2




mapping, ard comparing terrain., One system would inmvolve the mepping of
ranges of selected terrain factors, such as slope, relief, soils, etc.,

and comparing areas so mapred. The cther systes wonld iavolve the describ-
ing and mappirg of areas in terms of the effect of terrain factors on such
military considerstions as crosgs-country movesent, wespons esployment,
earth ccastruction, radio cosemnications, arnd cover and coacealment.

6. Freliminary studies convincingly showed that ccaparizon of ter-
rain based on its effects on military activities is impractical except for
specific usage. ZEntirely different tezrain types, or associations of ter-
rain factars, may have the same total irpact on a particular military
activity. Conversely, the same terrain type will have different effects
on different military activities. Thus, bafore classifying terrain in
terzs of "go” or "no go” for trafficability consideraticns, "good,” "fair,”
or “poar” for chances of survival, etc., an orderly classification of basic
terrain elements or factors vhich create these ccnditions should be made.
Amalyzing and recambining data incorporated in such effect classifications
for actual terrain comparison would be a hopeless task. It follows that
tests aimed at determining terrain effects should be conducted in areas
vhere quantitative measuresents are available for bdbasic factors comprising
the terrain. Bopirical determinations of the impact of a qualitatively
or subjectively described terrain type on a particular activity do not
provide data that can be objectively transferred ar utilized in other
regions.

7. A somewhat intermedist: approach to terrain evaluation would dbe
to zap and compare values of terrain factors that are critical to specific
nilitary considerations. However, it soon beccces ajvarent that no system
of classification can hope to satisfy the requirements of all military
activities. Several considerations that militate egainst the scheme of
classifying and cazparing areas in tesms of critical values of various ter-
rain factars are:

a. Single terraln factors do not necessarily have independent
critical values, e.g. the critical slope value for a given
vehicle varies directly with the soil strength of the slope
surface.
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Critical values of & g.ven terrain factor may vary greatly
with varicus xilitary sctivities, e.g. the density of vege-
tation vhen conzidered in relation to foot movement as
against sigoal cosmnication. In sddition, variaticas =zey
cecur within a genaral class of asteriel, e.g. critical slope
valoes are diffarent for differsnt vehicles.

Critical values are nct presently known for many activities
and items of materiel.

d. Critical values are not constant, but chsige with techunolog-
ical advances.

§. It was therefore concluded that a system should be develcped for
claseifying basic terrain factors or elements so that areas could be mapped
and compared in common terms. Although available data on the military
significance of terrain are an important consideration, they hsve not been
unduly esphasized in the system developed for classifying, mapping, ard
comparing terrain factors. This approsch is consistant with the irmediate
purpose of furnishing responsible agencies involved in testing with fac-
tual evidence on vhether terrain conditions it the Ywma Proving Ground are
wvidespread or limited throughtut world desercs, and vhether significant
terrain types found in other world deserts are present or lacking at Yuza.

Scales amxl Probless of Generalization

9. Cartographic problems, availability of data, and other consid-
erations demand that information on large-scale maps be generslized in
order that it can be shown on smali-scale rmaps. The existence and need
for such generalization in mapping are well knowm and universally accepted.
For exazple, the Castle Dome Mountains at Yuma zmapped at a scale of
1:400,000 contain areas of "gentle,” "moderate,” "declivitous,” and "steep”
characteristic slopes with "steep” czlopes predominating. At a scale of
1:2,506,00C thesn mountains can be shown as having only "steep” character-
istic slopes. Similer generalizations could ve cited in other worid
decert areas.

10, Generslization of the Yuxa snd vorld de-~ert raps incorporated .a
this and other reports primarily reflects & variati?n in the spatia’
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distribution cr density pettern of ectablished ares units vhich have been
defined in terms of narrow ranges of specific properties. By definition,
tha system dictates that if an area at Yuza 2xnibits s certain ccabination
of terrain factors, nore than 50 percent of & sizilarly mapped tract in a
world desert ares will also possess this combination of factors., Areas
zapped as silty soil at Yuzma ard in worid desgerts are characterized by an
areal predcoainance of silty soils, but because of the scale difference the
percentage of surface covered by silty soil within the srea so mapped at
Yuza is typically greater than that of the area so mapped in world deseris.
The important point is that silty soll in aeas so mapped is areally pre-
doiinant. At Yuma this predcminance might be on the order of Q0 percent,
amd in wurld deserts, only 70 percent. In other words, the degree of gen-
eralizatica «zmployed in mepping Vuma is considerably less than that used
{n rapping world deserts.

11. In this connection, it should be e=phasized that since the
objective is to determine the suitability of Yuma as a test station, more
detailed =apping of the Yuma area is required thar of the world deserts
with which it is being ccopared. It is isportant to know that Yuma
possesses a fairly complete range of slopes, vegetative types, etc., even
if these ranges of terrain factors cover only very liriced areas. Con-
versely, terrain-isctor =apping in the world deserts can justifiably de
areally generalized, as this will irdicate the most characteristic or modal
cordition existing within the area being zapped. Consequently, a vehicle
tested at Yuma on a certain soil of a certain consistency on a certain
slope is being tested against a similar ccobination of terrain factors that
is characteristically or areal:iy predominant in a region so mapped in a
particular world desert.

12. In swmary, an attespt has been made to establisa a pare de-
scriptive, useful, end simple systes cf developing terruin anslogs which
will be consistent with the paucity < data concerning the vast areas being

marped. In this system of terralr comparison, an effort has aisc been made
to steer a middle-of-the-roed ccurse between (a) jualitstive and juantita.
tive apprcaches to terrain descripticrn (b)Y ratural ard milftary sigrifi-

can~e, and (=) avastability . late and a reas.nably ¢ £mg.cte {2 nition




of terrain, It is bolieved that this coarse is the oaly practical one in
viev of our present knowiedge of the relative significance of terrain
factors in diverse pilitery considerations., It is also believed that as

this knovledge expands the developed analog systes will be fledble enough
to acewmesdete edditional dstas,
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